Inflammation is a key physiological response to infection and injury and while usually beneficial it can also be damaging to the host. The liver is a prototypical example in this regard because inflammation helps resolve liver injury but it also underlies the etiology of pathologies such as fibrosis and hepatocellular carcinoma. Cells sense their environment, including the inflammatory environment, through the activities of receptor-mediated signal transduction pathways. These pathways are organized in a complex interconnected network, and it is becoming increasingly recognized that cellular adaptations result from the quantitative integration of multi-pathway network activities, rather than isolated pathways causing particular phenotypes. Therefore, comprehending liver cell signalling in inflammation requires a scientific approach that is appropriate for studying complex networks. Here we review our application of systems analyses of liver cell signalling in response to inflammatory environments. Our studies feature broad measurements of cell signalling and phenotypes in response to numerous experimental perturbations reflective of inflammatory environments, the data from which are analyzed using Boolean and fuzzy logic models and regression-based methods in order to quantitatively relate the phenotypic responses to cell signalling network states. Our principal biological insight from these studies is that hepatocellular carcinoma cells feature uncoupled inflammatory and growth factor signalling, which may underlie their immune evasion and hyperproliferative properties.
41
The activities of individual pathways such as IL-6-STAT3 have been well studied in liver cells. However,
42
studies of isolated pathways have limited applicability to the in vivo situation in which cells are continually 43 exposed to multiple extracellular molecules leading to the simultaneous activity of many signalling 44 pathways. In inflammation, for example, cells are exposed to multiple pro-and anti-inflammatory 45 cytokines (e.g., tumour necrosis factor-α (TNF-α), interleukin-1 (IL-1), IL-4, IL-10, etc.), growth factors,
46
hormones and other molecules. Intracellular signalling pathways crosstalk with each other, effectively forming a network, but it is poorly understood how intracellular signalling networks processes the 48 combinatorial action of multiple environmental cues. Making progress in this area will improve our 49 understanding of complex physiological responses such as inflammation and help guide the development 50 of better therapeutics. Here we review our studies of the intracellular signalling systems of hepatocytes 51 and hepatoma cells in response to inflammatory environments using a systems approach. We begin by 52 explaining what a systems approach to biology means followed by reviewing three studies in which we 53 used this approach to investigate liver cell signalling and physiology in inflammatory contexts.
55
Scientific approach: Cue-signal-response experiments and mathematical modelling
56
A hallmark of engineering practice is applying a systems approach to the design process. In this context, 57 a "systems approach" denotes studying a system by applying diverse inputs to the system and measuring 
63
We adopt a similar engineering approach in investigating biological systems, with a difference being that 64 we seek to "reverse engineer" the system by using input-output relationships and selected measurements 65 of the system to constrain a model of the intracellular signalling network. We implement an experimental 66 paradigm called "cue-signal-response" that reflects this input-system-output relationship [8] . The input 67 consists of molecules in the cell's environment, the system is the cell signalling network and the output is 
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The resulting dataset features thousands of data points, which makes it challenging to interpret.
82
Mathematical tools are therefore used for downstream analyses. Classically, ordinary-differential- 
90
experimental data (as well as computational power, although that is a lesser challenge at this point).
91
While studying signalling from one or two pathways with ODEs is feasible, the networks that we study are 92 too uncertain and large for ODEs to be practically useful. We therefore use modelling techniques that insights into the systems-level operation of cell signalling networks in effecting phenotypic responses in 112 diverse contexts, which we discuss in the following section.
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devising logical and statistical modelling methods and applying them to data from cultured liver cells exposed to inflammatory conditions. In the first paper from these studies, Saez-Rodriguez et al. extended
Boolean logic methods previously used to study biological networks from a theoretical standpoint to allow the model to directly interface with experimental data [12] 
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The above studies clearly demonstrate the utility of Boolean logic and regression methods in exploring 
